This study analyzes price and volatility transmissions between nineteen real estate investment trusts (REITs) markets and the oil market. The REITs data represents a variety of countries at different stages of their development and the expanded analytical approach includes accounting for structural shifts as gradual processes -as opposed to strictly abrupt processes typically assumed in literature. Oil prices are found to primarily predict REITs prices in mature REITs markets, but the feedback from REITs to oil prices is weak. From the perspective of volatility, strong evidence of bidirectional transmission in majority of the markets is observed. This study further demonstrates the importance of accounting for gradual (smooth) structural shifts for price transmission analysis.
. Although the United States (US) continues to be the leader in the REITs markets (with a market capitalization of US $ 1.15 trillion), the number of countries now offering REITs as an investment vehicle has almost doubled in the last 10 years (37 countries). Since it is accessible to all investors irrespective of the portfolio size, the ability of the REITs sector to attract increased investment capital is expected. However, just like any other security, as the financial integration goes up, the importance of cross-market interactions also become increasingly significant for the investors. Furthermore, the real estate market having played a significant role during the most recent global financial crisis, and the REIT market being a good proxy for the overall real estate sector (Akinsomi et al., 2016) , policy makers also have a vested interest in understanding the drivers of these markets Gupta et al., 2019) .
In literature, studies have primarily analyzed the role of monetary policy and macroeconomic news shocks in affecting the REITs markets (see for example, Bredin et al. (2007 Bredin et al. ( , 2011 , Xu and Yang (2011) , Claus et al. (2014) , Kroencke et al. (2016) , Marfatia et al., (2017) , Nyakabawo et al., (2018) ). However, the variety of possible outside shock factors which interact with these markets are going up. For example, commodity markets -especially energy markets -are increasingly financialized and become less of a diversification option for investors (for example Henderson et al. 2014; Adams and Gluck 2015) . In return, if an investor ignores any possible price or volatility interactions between REITs and those markets, the resulting portfolio would be inefficient. REITs shares trade like common stocks, and there is a significant amount of literature that strongly suggest an interaction between international equity markets and energy markets -oil in particular (see for example, Degiannakis et al., (2018) , and Smyth and Narayan structural shifts (abrupt or gradual) that might be unique to each country -we expand on the already existing literature through employing some of the recently developed econometric models which are shown to be comparatively more accurate and less susceptible to data-driven bias. These models include the Fourier-based version of the Toda and Yamamoto (1995) test of price transmission (as developed by Nazlioglu et al., (2016) ), and the modified Hafner and Herwartz (2006) test of volatility transmission with Fourier approximations (Pascalau et al., (2011) and Li and Enders (2018) ). In addition to recognizing and accounting for abrupt structural shifts, both these models account for gradual (smooth) structural shifts in relation to movements in the first-and second moments of oil and REITs markets.
The remainder of the paper is organized as follows: Section 2 discusses the methodologies utilized in the study. Section 3 presents the data and its properties and the results. Finally, Section 4 discuss the implications of our results and concludes the paper.
Econometric Methodology

Testing for price transmission with structural changes
In order to test for price transmission, we start with the basic "causality" model developed by Granger (1969) . Granger define VAR(p) model as
where consists of k endogenous variables,  is a vector of intercept terms,  are coefficient matrices and t are white-noise residuals. Here, consists of oil prices and international REITs.
are assumed not to have any structural shifts and the intercept terms  are constant over time. The null of non-transmission can be rejected even though there is no transmission when data generating process has structural shifts (Ventosa-Santaularia and Vera-Valdés, 2008) . Monte Carlo simulations carried out by Enders and Jones (2016) indicate that ignoring structural breaks in a VAR model leads Granger causality test to be biased towards a false rejection of the true null hypothesis. Furthermore, unless breaks are properly modelled, Granger causality tests also tend to have an over-rejection of the non-causality null hypothesis. Thereby, inferences from a standard Granger causality analysis may be misleading when structural breaks are ignored or improperly taken into account (Enders and Jones, 2016) . These findings not only indicate the importance of accounting for any structural shifts but also necessitate a careful treatment of how breaks are captured.
The traditional approach for modelling breaks is to use dummy variables in which shifts are assumed to be abrupt (for example, Perron, 1989; Zivot and Adrews, 1992; Lee and Strazicich, 2003) . However, a significant portion of structural changes are gradual in nature. In order to partly remedy this issue, smooth transition approach was developed (inter alia, Leybourne at al., 1998; Kapetanios et al., 2003) . The core problem with both of these approaches is that they require the knowledge on break dates, as well as the number and functional forms of the breaks. To deal with these problems, Fourier approximation which is based on a variant of Flexible Fourier Form by Gallant (1981) is proposed for capturing structural shifts (see, Becker et al., 2006; Lee, 2012a and 2012b; Rodrigues and Taylor, 2012) . The Fourier approximation does not require a prior knowledge on the number, dates, and form of breaks and captures structural shifts as a gradual/smooth process by using a small number of low-frequency components.
In a VAR specification, controlling for structural breaks and determining the original source of breaks is difficult because a break in one variable potentially causes shifts in other variables (Ng and Vogelsang, 2002; Enders and Jones, 2016) . To overcome this difficulty and to further simplify the determination of the form of shifts as well as estimation of the number and dates of breaks in a VAR framework, Enders and Jones (2016) , Nazlioglu et al. (2016 Nazlioglu et al. ( , 2019 and Gormus et al. (2018) (Toda and Yamamoto, 1995; Dolado and Lütkepohl, 1996) . The Toda and Yamamoto approach (TY) overcomes these problems by estimating VAR(p+d) model by using level form of variables where d is the maximum integration order of variables. By extending the TY framework with gradual structural shifts using a Fourier approximation, Nazlioglu et al. (2016 Nazlioglu et al. ( , 2019 and Gormus et al. (2018) propose a simple approach to take into account breaks (both abrupt and gradual) in price transmission analysis and they call this process as the Fourier TY approach to price transmission.
In order to account for structural shifts, the Fourier TY procedure relaxes the assumption of that the intercept terms  are constant over time and define VAR(p+d) model as
where the intercept terms ( ) are the functions of time and denote any structural shifts in . In order to capture structural shifts as a gradual process with an unknown date, number and form of breaks, the Fourier approximation is defined by:
where n is the number of frequencies, 1k and 2k measures the amplitude and displacement of the frequency, respectively. By substituting equation (3) in equation (2), VAR(p+d) model is re-written as
As discussed in Becker et al. (2006) , a large value of n is most likely to be associated with stochastic parameter variation and decreases degrees of freedom -which can lead to the "over-fitting" problem. A single Fourier frequency, on the other hand, mimics a variety of breaks in deterministic components, hence one can also use a single frequency component. In the single frequency case, (t) is defined as
where k denotes the frequency for the approximation. By substituting equation (5) in equation (2), we obtain
In the Toda-Yamamoto framework, the null hypothesis of Granger non-causality is based on zero restriction on first p parameters ( : = ⋯ = = 0) of the Kth element of .
Wald statistic has an asymptotic distribution with p degrees of freedom. The recent works in the Granger causality literature have also relied on bootstrap distribution in order to increase the power of test statistic in small samples as well as being robust to the unit root and co-integration properties of data (see Mantolos, 2000; Hatemi-J, 2002; Hacker and Hatemi-J, 2006; Balcilar et al., 2010) . In addition to the asymptotic chisquare distribution, we use the bootstrap distribution of Wald statistic by employing residual sampling bootstrap approach originally proposed by Efron (1979) 1 . It is worthwhile to emphasize that the asymptotic and bootstrap distributions show similar results.
In order to establish the robustness of the approaches, Gormus et al. (2018) and Nazlioglu et al. (2019) conduct simulation analyses in order to compare the size and power properties of the Fourier TY approach with those of the TY test. The Monte Carlo simulations show that as the number of observations grows, while the difference between asymptotic and bootstrap distribution disappears, the importance of considering the structural shifts in causality analysis becomes more obvious. In large samples, the TY test has severe size distortion problems, but the Fourier TY test seems to have correct size.
The specification problem in both equation (4) and (6) requires determining the number of Fourier frequency components and lag lengths (p). A common approach to determine the optimal number of lags in a causality analysis is to benefit from Akaike or Schwarz information criterion. This approach also can be used for determining the number of Fourier frequency and lag lengths, together. Specifically, we first set he number of Fourier frequency to and number of lags to and pare down one-by-one up to = 1 and = 1. Then we select the optimal and combination which minimizes information criterion.
Testing for volatility transmission with structural changes
We also conduct a volatility transmission analysis in order identify the existence and the direction of possible volatility interactions between the REITs and oil markets. Some of the more common volatility transmission tests (Cheung and Ng, 1996; Hong, 2001 ) utilize univariate GARCH 2 models and cross-correlation functions of the standard residuals.
This approach suffers from significant oversizing effects especially in the scenarios with leptokurtic volatility processes and necessitate a selection of lead and lag orders (Hafner and Herwartz, 2006) . To combat this issue, Hafner and Herwartz (HH) (2006) developed Lagrange multiplier (LM) based volatility transmission approach which does not suffer from those issues and has an increasing power with larger sample size. Especially when international markets are analyzed, the HH approach provides more accurate results compared to the Cheung and Ng (1996) and Hong (2001) methods (Gormus, 2016) .
The LM test for volatility transmission is based on the estimation of GARCH (1,1) models for series i and j. Considering the series i, the GARCH (1,1) specification is = + (7)
where the mean equation in (7) is a function of exogenous variables with an error term, denotes the real-valued information. is the so-called "conditional variance" -which is the one-period ahead forecast variance based on past information. > 0, , ≥ 0 is established in order to ensure non-negativity of the conditional variance. In addition, + < 1 is established to ensure that the variance is finite -which means that the process is stable. Everything we assume for the series i hold for the series j as well.
After the estimation of the GARCH (1,1) models for the series i and j, HH define:
where is the standardized residuals of the series i. and are the squared disturbance term and the volatility for the series j respectively. The null hypothesis : = 0 of no-volatility transmission is tested against the alternative hypothesis : ≠ 0 of volatility transmission. The log-likelihood function of (Gaussian) is used to achieve = ( − 1)/2 where are the derivatives of the likelihood function. The LM statistic is:
The asymptotic distribution of the volatility transmission test defined (10) is depended on the number of misspecification indicators in and hence has an asymptotic chi-square distribution with two degrees of freedom.
In equation (8), it is assumed that the conditional variance does not have any structural changes and hence it is only affected from the constant term , the ARCH term , and the GARCH term . Nonetheless, an increasing literature on the volatility modelling clearly indicates that the process of the long-run volatility can be also affected from the structural changes (see among others, Starica and Granger, 2005; Diebold and Inoue, 2013, Mikosh and Starica, 2004) . If the volatility process has structural changes, then the conventional GARCH(1,1) model may not be sufficient to modelling the long-run volatility which is assumed to be constant over time. In more recent studies, Teterin et al.
(2016), Li and Enders (2018) and Pascalou et al. (2017) it is shown that the structural changes in the conditional variance can be well approximated by a Fourier approximation which does not require a prior information regarding the numbers, dates and the form of the variance of shift. Moreover, a Fourier approximation may be more suitable for financial data since several breaks may occur in a long financial series where it might be difficult to identify (Li and Enders, 2017) .
Pascalou et al. (2011) and Li and Enders (2018) extends the conventional GARCH models in order to account for the variance breaks. Specifically, the equation (8) is redefined to include breaks in intercept of conditional variance:
where ( ) now depend on T and hence relax the assumption that the conditional variance is constant over time. To capture any shifts in volatility, ( ) is approximated by a Fourier approximation and the conditional variance equation for the series i is given
Since our aim is to test for the volatility transmission, the test statistic in equation (9) The equation (12) requires determining the number of Fourier frequency components. As discussed in Pascalou et al. (2011), one can benefit from Akaike or Schwarz information criterion. We first set he number of Fourier frequency to and then we select the optima frequency number which minimizes information criterion.
Data and Empirical Results
Our Figure A1 and summarized in Table A1 In order to proceed with The TY approach to Granger-type price transmission analysis, one needs to determine the maximum integration number (d) of unit root of the variables. To accomplish this, we conduct the augmented Dickey & Fuller (ADF) test of Dickey and Fuller (1979) , the ADF test with one structural break (ZA-ADF) developed by Zivot and Andrews (1992) and the ADF with a Fourier approximation (F-ADF) developed by Enders and Lee (2012b) 3 . Table 1 reports the results from these unit root tests. While the unit root tests cannot reject the null hypothesis of unit root for the level of oil prices at the 1 percent level of significance, they strongly support the evidence on stationarity for the first difference of the oil prices. Similar findings are also observed for the REITs series.
Accordingly, the maximum integration of the variables (d) is equal to 1 to estimate VAR(p + d) models. Table 2 reports the results of the price transmission analysis. In order to determine the optimal lags in the TY test and the optimal Fourier frequency and lags in the Fourier TY approach, we use information criterion by setting the maximum number of frequency (k/n) to 3 and the maximum number of lags (p) to 5. The optimal frequency and lags are determined by minimizing Akaike information criterion.
The results from the TY test (see panel A of Table 2) show that the null hypothesis of no-price transmission from oil prices to REITs is rejected in nine countries (Australia, Hong Kong, Japan, New Zealand, Singapore, UK, Ireland, Italy, and Malaysia) with at least at the 10 percent significance level according to the bootstrap distribution. 4 This results imply that there is an information transmission, and hence a predictive power from oil prices to REITs in these countries. The TY test is not able to take into account the role of possible structural shifts in a VAR model. It is a well-known fact that the oil prices are characterized by a different trend and volatility dynamics after the 2007/2008 financial crisis. In order take into account the role of such structural shifts, one needs to know the date, number, and form of shifts which is challenge in practice for an applied research. A Fourier approximation is able to efficiently solve this problem because it does not require the knowledge of the date, number, and functional form of any break. The results from the Fourier TY causality analysis in panel B of Table 2 are in general similar to those of the TY approach with a few important exceptions. Specifically, the Fourier TY method does not provide evidence on the existence of a price transmission from oil prices to REITs in Australia and UK where the traditional TY approach showed there was.
As regards to a price transmission from REITs to oil prices, the TY test indicates that the null hypothesis of no-transmission is rejected for five countries (namely, Canada, Germany, Japan, USA, and Spain). When the structural shifts are taken into account in the estimations, even though the transmission results hold for Canada, Germany, USA, and Spain, it disappears in the case of Japan. The Fourier TY approach further shows a transmission from REITs to oil prices for Mexico where the traditional TY method does not.
In essence, the price transmission between REITs and oil markets is primarily concentrated in established markets, 5 though some evidence is detected for emerging REITs markets such as Ireland, Italy, Malaysia and Spain. Nazlioglu et al., (2016) had used the West Texas Intermediate (WTI) oil price instead of the Brent crude. We hence re-conduct the causality test using WTI oil prices, and just as in Nazlioglu et al., (2016) , are able to detect bi-directional spillovers between the oil and real estate markets. Complete details of these results have been presented in Table A2 in the Appendix of the paper. Notes: ≠> signifies the null hypothesis of no-transmission. TY: traditional TY approach which does not account for structural breaks, FTY(k): Fourier TY approach with single frequency which is based on equation (6), and FTY(n): Fourier TY approach with cumulative frequencies is based on equation (4). Maximum k/n and p are respectively set to 3 and 5, then optimal k/n and p are determined by Akaike information criterion. p-val a is the p-value based on the asymptotic chi-square distribution with p degrees of freedom. p-val b is the p-value based on the bootstrap distribution with 1,000 replications. VAR(p+d) models are estimated with d equal to 1. Bivariate VAR models include oil prices and REITs variable.
When we consider information transmission between markets, in addition to
analyzing the data at level (mean price transmission), we also look at the risk transfer dimension (volatility transmission). Due to the econometric nature of the price transmission analysis, the identified interactions can be interpreted as a long-run phenomenon. However, volatility transmission analysis is a short-term model. This analysis is especially important because not only hedging strategies require knowledge on volatility spillovers between asset classes, identification of risk interactions is even more relevant in the short-run since risk perceptions can change rapidly (Nazlioglu et al., 2016) .
The results from the volatility transmission LM test by Hafner and Herwartz (2006) are reported in Malaysia. In other words, volatility in REITs market impacts risk in oil in sixteen countries (at least at the 10 percent level of significance). This evidence continues to hold even if we control for smooth shifts in the volatility process, since the test reaches to the same conclusions. These findings therefore imply that there is a strong evidence of risk transmission between oil and REITs markets, and the interactions appear to work in both directions, as also detected by Nazlioglu et al., (2016) for the case of the USA. In other words, there exists a risk transmission feedback between oil markets and a significant portion of the international REITs we tested.
As we interpret the results of both price and volatility transmission tests together, we observe a stronger evidence of risk transmission between the REITs and oil markets (irrespective of the level of evolution of the real estate sector) compared to price interactions. : Volatility spillover LM test which does not account for structural breaks is based on the variance equation (8).
: Volatility spillover Fourier LM test is based on the variance equation (12). Maximum number of Fourier frequency n are set to 3 and then optimal n is determined by Akaike information criterion. The mean equation is based AR(1) model for the return of REITs and oil prices.
Discussion and Conclusion
The rapid growth of REITs in recent years has made it an important portfolio option.
Furthermore, the role of the real estate sector in driving the recent financial crisis is also well-accepted. Just like any other investment vehicle, as the REITs market grows in size and impact, it becomes important for investors and policy makers to understand the outside drivers that impact the dynamics of that asset group. As commodity markets become more financialized (Henderson et al. 2014; Adams and Gluck 2015) , they tend to further interact with other financial markets -changing their portfolio and economic implications. Although energy markets are one piece of the overall commodity markets, numerous studies have suggested their strong impact -oil in particular -over the financial markets. Given these studies' findings and the growing impact of the REITs markets, it is important to evaluate the price and volatility sensitivity of REITs to fluctuations in the oil market.
In this paper, we evaluate nineteen international REITs markets which are at different stages of development. Furthermore, we try to verify the robustness of any suggested interaction with newly developed econometric techniques which minimize possible data and researcher-based biases. In the process, we aim to add to the limited literature which only concentrate on US REITs.
The results of our study suggest strong evidence of bidirectional volatility transmission between the REITs markets and the oil market, irrespective of the REIT market's state of evolution. In comparison, price-level transmissions are weak and primarily restricted to established and matured markets. For both the volatility and price transmission studies, accounting for gradual structural shifts suggested different results with some countries while confirmed the results with others.
These findings have important implications for academics, investors and policymakers. As far as academic researchers are concerned, we show that to derive appropriate statistical inferences when analyzing interactions between REITs and oil markets, it is of paramount importance that gradual structural changes are incorporated into the modelling frameworks. The lack of this statistical control could easily yield incorrect inferences -particularly for the first-moment. From the perspective of REITs investors, understanding the interactions between these markets can improve both short and long-term portfolio strategies -especially in the established markets as our results suggest. In particular, volatility transmission results show decreasing diversification capacity of oil markets with portfolios containing REITs. Finally, the negative implications of a shock to either of the markets is likely to be prolonged due to the bidirectional feedback effect, and in turn, this could have long-term economical outcomes (Nguyen-Thanh, 2018; van Eyden et al., 2019) . Hence, policymakers need to give increased attention to the interaction between these markets as even short-term shocks can be detrimental for the economy in the long-run as history has shown.
While our study suggests interesting interactions between these markets, the specific shock drivers are not analyzed. For example, literature suggests shocks to different components of the oil market, such as supply, demand and geographical drivers, can have different impacts (Kilian, 2009; Kilian and Murphy, 2014) . It would be interesting to analyze the impact of those various oil shocks, rather than aggregate oil price, on international REITs markets as part of future research. APPENDIX: 
